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1
HYBRID POWER TRAIN FOR VEHICLE

CROSS-REFERENCE(S) TO RELATED
APPLICATION

The present application claims priority of Korean Patent
Application Number 10-2013-0129291 filed on Oct. 29,
2013, the entire contents of which application are incorpo-
rated herein for all purposes by this reference.

BACKGROUND OF INVENTION

1. Field of Invention

The present invention relates to a hybrid power train for a
vehicle, and more particularly, to a hybrid power train struc-
ture based on a mechanism of a synchromesh type manual
transmission.

2. Description of Related Art

Generally, a hybrid power train configured to drive a
vehicle by appropriately coordinating the power generated by
an internal combustion engine and the power generated by an
electrically-driven motor improves the efficiency of vehicle
operation by utilizing complementary aspects of the torque
property that an engine basically exhibits and the torque
property of a motor.

Accordingly, a conventional hybrid power train may
implement all of an EV mode at which the characteristics of
the motor which exhibits an excellent torque property at low
speeds is utilized by driving the vehicle mainly with the motor
at start-off or low speed of the vehicle, an engine mode at
which the vehicle can be driven with the engine which exhib-
its a relatively excellent torque property at mid-to high
speeds, and a hybrid mode at which the torque from both the
engine and the motor can be utilized when high torque is
desired.

A hybrid power train based on a conventional manual
transmission is constructed as an AMT (automated manual
transmission) so as to control both the motor and the AMT
together. In consideration of the size of a transmission and the
ultimate fuel efficiency of the vehicle, the hybrid power train
is designed such that the power from the motor covers the
drive torque of the vehicle at low speeds by employing mainly
reduction gears and the engine power is responsible for the
drive torque of the vehicle at high speeds mainly through
speed-increasing gears. Therefore, it is difficult to ensure a
smooth shift feeling in case of a wide interval between shift
stages and there exists a drawback of overall poor shift feeling
due to torque interruptions at gear changes that an AMT
exhibits inherently.

The information disclosed in this Background section is
only for enhancement of understanding of the general back-
ground of the invention and should not be taken as an
acknowledgement or any form of suggestion that this infor-
mation forms the prior art already known to a person skilled
in the art.

SUMMARY OF INVENTION

The present invention is designed to solve such problems as
described above and/or other problems, and to provide a
hybrid power train for a vehicle, which can be configured
compactly by forming effective shift ratios having a series of
appropriate shift ratio intervals through the variable shift ratio
providing means for transmitting the power of the motor,
together with the gear module and further a degree of freedom
for forming smaller shift ratio intervals over an entire range of
the shift stage, which can be implemented, is ensured. Addi-

10

25

30

35

40

45

55

2

tionally, according to the hybrid power train for a vehicle of
the present invention, torque interruptions are prevented
when shifting gears, thereby providing an excellent shift
quality and improving fuel efficiency of a vehicle.

A hybrid power train for a vehicle in accordance with the
present invention may include a gear module having a plural-
ity of shift stages in a synchromesh type on a first input shaft
and an output shaft arranged in parallel, a second input shaft
driven by a motor and disposed coaxially with the first input
shaft, a clutch means for connecting or disconnecting the
second input shaft and the first input shaft, and variable shift
ratio providing means for transmitting the torque of the sec-
ond input shaft to the output shaft through an external
engaged-gear pair selectively in two different shift ratios.

The methods and apparatuses of the present invention have
other features and advantages which will be apparent from or
are set forth in more detail in the accompanying drawings,
which are incorporated herein, and the following Detailed
Description, which together serve to explain certain prin-
ciples of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of
certain exemplary embodiments of the present invention will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a diagram illustrating an exemplary hybrid power
train for a vehicle in accordance with the present invention;

FIGS. 2A-2E illustrate processes of changing from a first
stage to a second stage in an exemplary hybrid power train of
FIG. 1,

FIGS. 3A-3B illustrate processes of changing from a sec-
ond stage to a third stage in an exemplary hybrid power train
of FIG. 1; and

FIGS. 4A-4E illustrate processes of changing from a third
stage to a fourth stage in an exemplary hybrid power train of
FIG. 1.

DETAILED DESCRIPTION

Reference will now be made in detail to various embodi-
ments of the present invention(s), examples of which are
illustrated in the accompanying drawings and described
below. While the invention(s) will be described in conjunc-
tion with exemplary embodiments, it will be understood that
present description is not intended to limit the invention(s) to
those exemplary embodiments. On the contrary, the invention
(s) is/are intended to cover not only the exemplary embodi-
ments, but also various alternatives, modifications, equiva-
lents and other embodiments, which may be included within
the spirit and scope of the invention as defined by the
appended claims.

With reference to FIG. 1, a hybrid power train for a vehicle
according to various embodiments of the present invention
includes a gear module 5 having a plurality of shift stages to
be synchro-meshed on a first input shaft 1 and an output shaft
3 which are parallel to each other, a second input shaft 9
driven by a motor 7 and arranged coaxially with the first input
shaft 1, clutch means 11 for connecting or disconnecting the
second input shaft 9 and the first input shaft 1, and variable
shift ratio providing means 15 for transmitting the torque of
the second input shaft 9 to the output shaft 3 through an
external engaged-gear pair 13 selectively in two different
shift ratios.

The variable shift ratio providing means 15 is configured to
establish a series of shift ratios having effective intervals
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together with the shift stages implemented by the gear mod-
ule 5. In other words, it is possible to implement a series of
effective and appropriate shift ratios necessary for a vehicle,
by means of the gear module 5 consisting of a conventional
manual transmission mechanism of a synchromesh type, the
external engaged-gear pair 13 arranged on the second input
shaft 9 and the output shaft 3, and the variable shift ratio
providing means 15.

For example, the gear module 5 is provided with the shift
stages having shift ratios of at least forward first and fourth
stages and the variable shift ratio providing means 15 pro-
vides shift ratios of a second and third stages. Accordingly,
the power train is configured to implement a series of effec-
tive shift ratios having appropriate intervals for the first to
fourth stages and further up to a sixth stage can be imple-
mented in various embodiments of the present invention.

Here, the effective shift ratios having appropriate intervals
means that the relationship between the two shift ratios pro-
vided by the variable shift ratio providing means 15 and the
gear ratios of the shift stages provided in the gear module 5
does not cause too large intervals or too small intervals
between the shift stages, thereby forming intervals of an
appropriate level between the shift stages so as to be substan-
tially effective shift ratios.

That is, in comparison of the gear module 5 with a conven-
tional common manual transmission, the second and third
shift stages that have to be implemented by the gear module 5
are now provided by the variable shift ratio providing means
15. Accordingly, by making it possible to implement a series
of shift ratios having appropriate and effective intervals
between the shift stages, an excellent shift feeling can be
ensured.

The clutch means 11 consists of a synchronizer having a
hub installed on the second input shaft 9, so that on the one
hand, the sleeve of the synchronizer is slid linearly toward the
first input shaft 1, thereby coupling integrally the first input
shaft 1 and the second input shaft 9 to be rotated together and
on the other hand, the sleeve is slid toward the second input
shaft 9, thereby decoupling the first input shaft 1 and the
second input shaft 9. The variable shift ratio providing means
15 includes a planetary gear unit 19 of which a first one of
three rotary elements is directly connected to the second input
shaft 9, a second one is directly connected to an external
engaged-gear 13-1 of the external engaged-gear pair 13, and
the last one is directly connected to a brake 17 capable of
restricting the rotation thereof.

The external engaged-gear to which the planetary gear unit
19 is connected is installed coaxially on the second input shaft
9 and a one-way clutch 21 is provided between the external
engaged-gear and the second input shaft 9 for delivering
power in one direction only from the second input shaft 9 to
the external engaged-gear.

More specifically, in some embodiments, the planetary
gear unit 19 includes a plurality of rotary elements such as the
three rotary elements of a sun gear 19-S, a carrier 19-C, and a
ring gear 19-R wherein the carrier 19-C is directly connected
to the second input shaft 9, the ring gear 19-R is directly
connected to the external gear 13-1, and the sun gear 19-S is
connected to the brake 17.

Furthermore, the first input shaft 1 of the gear module 5 is
connected to an engine through an engine clutch 23.

FIGS. 2A-2E illustrate processes of shifting a first stage to
a second stage in the embodiment of the present invention as
constructed above wherein the state illustrated in FIG. 2A
represents that the power provided from the engine through
the engine clutch 23 is transmitted to the output shaft 3 by way
of the first stage of the gear module 5. The sleeve of the
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synchronizer of the first & fourth stages is coupled to the first
gear so that the power provided to the first input shaft 1
through the engine clutch 23 from the engine is transmitted to
the shift gear of the first stage by way of the synchronizer 25
of the first & fourth stages and to the output shaft 3. At this
time, the clutch means 11 for coupling and decoupling
between the first input shaft 1 and the second input shaft 9 is
disengaged and the motor 7 remains stationary so that the
second input shaft 9 does not rotate.

The state illustrated in FIG. 2B represents that the motor 7
is driven from the state illustrated in FIG. 2 A so that the torque
of'the second input shaft 9 is transmitted to the output shaft 3
through the one-way clutch 21 and the external engaged-gear.
At this time, the brake 17 is released so that the sun gear 19-S
is rotated freely and the carrier 19-C is rotated independently
of the ring gear 19-R, and the speed of the motor 7 is con-
trolled to match the rotation speed of the output shaft 3 driven
by the engine.

Thereafter, when the engine clutch 23 is disengaged and
the synchronizer of the first & fourth stages is released as
shown in the state illustrated in FIG. 2C, the output shaft 3
maintains the speed of the first stage not by the power from the
engine but by the power from the motor 7.

Thus, while a torque drop would occur due to the interrup-
tion of power transmission to the output shaft 3 when the
engine clutch 23 is released as above in the case of a conven-
tional common AMT, torque is provided continuously to the
output shaft 3 from the motor 7 even at the situation where the
engine clutch is released, thereby ensuring a smooth shift
feeling.

In addition, the first input shaft 1 and the second input shaft
9 are connected through the clutch means 11 to be rotated
integrally in the state illustrated in FIG. 2C.

From the state as described above, when the engine clutch
23 is engaged as shown in the state illustrated in FIG. 2D, the
external engaged-gear pair 13 establishes the second shift
stage with the torque provided by the engine and the motor 7
s0 to drive the output shaft 3. Thereafter, when the motor 7
stops as in the state illustrated in 2E, the second shift stage is
established by the engine only.

In other words, torque is provided continuously to the
output shaft 3 from the motor 7 even in a situation where the
power from the engine cannot be transmitted to the output
shaft 3 after the engine clutch 23 is disengaged during a
shifting from the first stage to the second stage, so as to
prevent torque interruption, thereby improving a shift feeling.
By making it possible to implement the second stage with the
engine only, with the motor 7 only, or with both the engine and
the motor 7, fuel efficiency can be improved through the
implement of the second stage with an appropriate combina-
tion of power sources according to the operating state of a
vehicle. FIGS. 3A-3B illustrate processes of shifting a second
stage to a third stage and the state illustrated in F1G. 3A is the
same as the state illustrated in FIG. 2E wherein a vehicle is
driven at a second stage by the engine only. The power from
the engine is transmitted to the external engaged-gear pair 13
through the first input shaft 1, the clutch means 11, the second
input shaft 9, and the one-way clutch 21 so as to implement
the second stage. Here, the brake 17 is released and thus the
second input shaft 9 and the carrier 19-C are rotated indepen-
dent of the rotation of the ring gear 19-R and the external
engaged-gear.

When the brake 17 is applied to secure the sun gear 19-S
from the state described above, the torque of the carrier 19-C
connected integrally to the second input shaft 9 increases to
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be transmitted to the external engaged-gear pair 13 through
the ring gear 19-R, thereby establishing a shift ratio of a third
stage.

In other words, the shifting to the third stage from the
second stage is completed by only the application of the brake
17 wherein no torque drop occurs during the shifting.

FIGS. 4A-4E illustrate processes of shifting to a fourth
stage from a third stage wherein the state in FIG. 4A is the
same as the state illustrated in FIG. 3B. From this state, the
motor 7 is controlled to correspond to the current speed of the
output shaft 3 as shown in the state illustrated in FIG. 4B, so
as to change into a state where the output shaft 3 is driven by
both the motor 7 and the engine at the same time.

Subsequently, the engine clutch 23 is disengaged and the
clutch means 11 is released as well, so that the output shaft 3
maintains a drive state of the third stage by the motor 7 and the
first input shaft 1 rotates freely.

The synchronizer of the first & fourth stages is used to
connect the shift gear of the fourth stage to the first input shaft
1 at the state described above and the engine clutch 23 is
engaged to shift to the fourth stage as shown in the state
illustrated in FIG. 4D. At this time, the motor 7 can be con-
trolled appropriately to follow the change of the rotation
speed of the output shaft 3 and there will be no problem even
in a case where the rotation speed of the motor 7 is relatively
low because the speed difference is resolved by the one-way
clutch 21.

Next, when the motor 7 stops as shown in the state illus-
trated FIG. 4E, the shift to the fourth stage where a vehicle is
driven only by the engine is completed.

It is also possible to control to provide torque continuously
to the output shaft 3 by means of the motor 7 during the
shifting in substantially the same way as described above
even in a shifting of the fourth to sixth stages later, and it is
preferable to control the rpm of the motor 7 at a relatively low
speed by applying the brake 17 in this case, if possible.

As described above, the hybrid power train for a vehicle
according to the present invention can be configured com-
pactly by forming effective shift ratios having a series of
appropriate intervals through the variable shift ratio provid-
ing means 15 for transmitting the power of the motor 7,
together with the gear module 5 and further a degree of
freedom for forming smaller shift ratio intervals over an
entire range of the shift stage, which can be implemented, is
ensured. Additionally, according to the hybrid power train for
a vehicle of the present invention, torque interruptions is
prevented when shifting gears, thereby providing an excellent
shift quality and improving fuel efficiency of a vehicle.

The foregoing descriptions of specific exemplary embodi-
ments of the present invention have been presented for pur-
poses of illustration and description. They are not intended to
be exhaustive or to limit the invention to the precise forms
disclosed, and obviously many modifications and variations
are possible in light of the above teachings. The exemplary
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embodiments were chosen and described in order to explain
certain principles of the invention and their practical applica-
tion, to thereby enable others skilled in the art to make and
utilize various exemplary embodiments of the present inven-
tion, as well as various alternatives and modifications thereof.
It is intended that the scope of the invention be defined by the
Claims appended hereto and their equivalents.

What is claimed is:

1. A hybrid power train for a vehicle comprising:

a gear module having a plurality of shift stages of a syn-
chromesh type on a first input shaft and an output shaft
arranged in parallel;

a second input shaft driven by a motor and disposed coaxi-
ally with the first input shaft;

a clutch means for connecting or disconnecting the second
input shaft and the first input shaft; and

variable shift ratio providing means for transmitting the
torque of the second input shaft to the output shaft
through an external engaged-gear pair selectively in two
different shift ratios.

2. The hybrid power train of claim 1, wherein the variable
shift ratio providing means is configured to establish a series
of'shift ratios having effective intervals together with the shift
stages implemented by the gear module.

3. The hybrid power train of claim 2, wherein:

the gear module is provided with the shift stages having
shift ratios of at least forward first and fourth stages; and

the variable shift ratio providing means establishes shift
ratios of second and third stages.

4. The hybrid power train of claim 1, wherein the clutch
means comprises a synchronizer having a hub installed on the
second input shaft.

5. The hybrid power train of claim 1, wherein the variable
shift ratio providing means comprises a planetary gear unit, of
which a first one of three rotary elements is directly connected
to the second input shaft, a second one is directly connected to
an external engaged gear of the external engaged-gear pair,
and a third one is directly connected to a brake capable of
restricting the rotation thereof.

6. The hybrid power train of claim 5, wherein the external
engaged-gear to which the planetary gear unit is connected is
installed coaxially on the second input shaft and a one-way
clutch for delivering power in only one direction from the
second input shaft to the external engaged-gear is provided
between the external engaged-gear and the second input
shaft.

7. The hybrid power train of claim 6, wherein the planetary
gear unit comprises the three rotary elements consisting of a
sun gear, a carrier, and a ring gear, and wherein the carrier is
directly connected to the second input shaft, the ring gear is
directly connected to the external engaged-gear, and the sun
gear is connected to the brake.
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